We compared the anti-poliovirus activities of three flavones, quercetin, luteolin and 3-methylquercetin, which differ only at ring position 3. 3-Methylquercetin was the most potent compound. Quercetin exhibited antiviral activity only when protected against oxidative degradation by ascorbate. The antiviral activity of luteolin was comparable to that of ascorbate-stabilized quercetin.
Several 3-methoxy derivatives of quercetin (3,3',4',5,7-pentahydroxyflavone) extracted from various plants are known to exhibit antiviral activity. They are not virucidal, but interfere with the replication of several viruses, including poliovirus (Ishitsuka et al., 1982; Van Hoof et al., 1984; Castrillo et al., 1986; Vrijsen et al., 1987) . An anti-poliovirus activity of quercetin itself, i.e. a direct virucidal effect as well as interference with plaque formation, has been shown recently (Kaul et al., 1985) . However, these results are at variance with previous reports according to which quercetin was virucidal only to enveloped, but not to unenveloped viruses (B61adi et al., 1977; Veckenstedt & Pusztai, 1981) .
The discrepancies about the antiviral properties of quercetin may originate in the oxidative degradation of this flavone in aqueous solution (Nishinaga et aL, 1979; Rajananda & Brown, 1981) . In this communication, the anti-poliovirus activity of quercetin was determined in the presence and absenceof the antioxidant ascorbate. Comparative experiments were also carried out with 3-methylquercetin and luteolin, which differ from quercetin only at ring position 3 (Fig. 1) .
The antiviral effect of quercetin, luteolin and 3-methylquercetin was tested by the plaque reduction assay (Fig. 2) . Both luteolin (not previously reported to possess antiviral activity) and 3-methylquercetin were active; 40 ktM-luteolin or 10 ktu-3-methylquercetin reduced the plaque count by half. Quercetin was inactive, even at the highest concentration tested (100 p,M). However, in the presence of ascorbate it did cause plaque reduction and this enhancement of its activity reached saturation at an ascorbate concentration of 100 ~tM. D-and L-ascorbate were equivalent, whereas dehydroascorbate was inactive (Fig. 3) . Ascorbate alone failed to show any antiviral activity.
With maximum enhancement by ascorbate, 30 ~tM-quercetin caused 50 % plaque reduction; this figure is close to that previously noted for luteolin (Fig. 2b) . The antiviral effect of luteolin OH HO~R~OH OH o Rombaut et al., 1985) were infected with 50 p.f.u, of poliovirus type 1 (strain Mahoney) per plate. After 30 min at 37 °C, the cells were covered with an overlay (Dulbecco's modified Eagle's medium 1% calf serum, 1% agar) containing various concentrations of flavone and/or ascorbate. A second overlay of the same composition, supplemented with 0.005 % neutral red, was added after 48 h. Plaques were counted the following day. ( Fig. 2b) , and that of 3-methylquercetin (Fig. 2c ) was enhanced only marginally by ascorbate.
Ascorbate alone failed to bring about any cytopathic effect, even at the highest concentration tested (3 mM). Similarly, 100 ~tM-quercetin did not elicit any cytopathic effect. However, the combination of 100 txM-quercetin and 3 mM-ascorbate caused a reduced uptake of neutral red by the cells, so that plaques could no longer be distinguished. We conclude that ascorbate and quercetin were synergistic with regard to both their cytopathic and antiviral effects.
The results suggested that ascorbate potentiated the antiviral activity of quercetin by preventing its oxidative degradation. To check this interpretation, the spontaneous degradation of the three compounds was measured spectrophotometrically. The flavones were dissolved in dimethyl sulphoxide, further diluted in PBS (0.14 mM-NaC1, 2.7 mM-KC1, 10 mM-phosphate pH 7.2) to a final concentration of 70 ~tM, and incubated at 37 °C under constant aeration. The absorbance at the 380 nm maximum was recorded. The A38 o of quercetin decreased exponentially with a half-life of 10.2 h; on the other hand, the spectra of luteolin and 3-methylquercetin remained unchanged for 24 h. The degradation of quercetin was prevented by 17 ~tM-ascorbate (results not shown).
To summarize, quercetin, which has a free hydroxyl group at position 3 ( Fig. 1) , exhibits antiviral activity only when protected against oxidative degradation by ascorbate. When the 3-hydroxyl group is lacking (luteolin) or methylated (3-methylquercetin), the flavone does not undergo spontaneous oxidation, and its antiviral activity is not noticeably enhanced by ascorbate. Kaul et al. (1985) reported a virucidal activity of quercetin, but we were unable to confirm their findings. In our hands, poliovirus was not inactivated by 800 ~tM-quercetin, 4 mMascorbate, or the combination of both (results not shown). Protection of the antiviral activity of dietary flavonoids may contribute to the beneficial effects that have been claimed for vitamin C (Pauling, 1976) .
